Leptin down-regulates insulin action through phosphorylation of serine-318 in insulin receptor substrate 1.
Insulin resistance in skeletal muscle is found in obesity and type 2 diabetes. A mechanism for impaired insulin signaling in peripheral tissues is the inhibition of insulin action through serine phosphorylation of insulin receptor substrate (Irs) proteins that abolish the coupling of Irs proteins to the activated insulin receptor. Recently, we described serine-318 as a protein kinase C (PKC)-dependent phosphorylation site in Irs1 (Ser-318) activated by hyperinsulinemia. Here we show in various cell models that the adipose hormone leptin, a putative mediator in obesity-related insulin resistance, promotes phosphorylation of Ser-318 in Irs1 by a janus kinase 2, Irs2, and PKC-dependent pathway. Mutation of Ser-318 to alanine abrogates the inhibitory effect of leptin on insulin-induced Irs1 tyrosine phosphorylation and glucose uptake in L6 myoblasts. In C57Bl/6 mice, Ser-318 phosphorylation levels in muscle tissue were enhanced by leptin and insulin administration in lean animals while in diet-induced obesity Ser-318 phosphorylation levels were already up-regulated in the basal state, and further stimulation was diminished. In analogy, in lymphocytes of obese hyperleptinemic human subjects basal Ser-318 phosphorylation levels were increased compared to lean individuals. During a hyperinsulinemic euglycemic clamp, the increment in Ser-318 phosphorylation observed in lean individuals was absent in obese. In summary, these data suggest that phosphorylation of Ser-318 in Irs1 mediates the inhibitory signal of leptin on the insulin-signaling cascade in obese subjects.